The distribution of thermophilic aerobic sporeforming bacteria in food ingredients is of interest to the food microbiologist because of their potential importance as spoilage organisms in canned foods. Cameron and Esty (3) selected 55 and 37 C for temperatures to determine the kind of thermophile. With their classification, cultures which grew at 55 C but not at 37 C were classified as obligate thermophiles, and those cultures which grew at both 55 and 37 C were considered as facultative thermophiles. Gordon and Smith (5), however, found that temperature alone was not a good taxonomic tool to differen-
The distribution of thermophilic aerobic sporeforming bacteria in food ingredients is of interest to the food microbiologist because of their potential importance as spoilage organisms in canned foods. Cameron and Esty (3) selected 55 and 37 C for temperatures to determine the kind of thermophile. With their classification, cultures which grew at 55 C but not at 37 C were classified as obligate thermophiles, and those cultures which grew at both 55 and 37 C were considered as facultative thermophiles. Gordon and Smith (5) , however, found that temperature alone was not a good taxonomic tool to differentiate species of the genus Bacillus, with the exception of distinguishing B. coagulans from B. stearothermophilus. If one selects 55 C as the temperature to make the primary isolation, fewer strains of B. coagulans would grow as well as strains of B. subtilis, B. brevis, and B. circulans (5) . According to Smith, Gordon, and Clark (9) MATERIALS AND METHODS Distribution of species. The objective in this part of the study was to examine many different ingredients rather than many samples of a few ingredients to determine the distribution of species. The following food products were used as test samples: sugar (brown, eight samples; granular, five samples; and raw, six samples), starch (corn starch, 13 samples; cake flour, 1 sample; oat flour, I sample; potato starch, 1 sample), spices (11 samples and 9 kinds), milk powder (whole and skim, 1 sample each), green split peas (1 sample), strain G yeast (1 sample), cocoa (1 sample), gelatin (1 sample), and dried soup (1 sample each of tomato and vegetable). The food ingredient samples were obtained from canning companies and local supermarkets. The procedures used in this study were based on methods recommended by the National Canners Association as given by Hersom and Hulland (6) .
The isolation procedure for sugars, spices, and other samples, excluding the starches, consisted of placing a 10-g sample in a sterile 300-ml flask marked to indicate a volume of 100 ml. Sterile water was added to make 100 ml. The contents were thoroughly mixed, brought to a boil, and held at boiling for 5 min. A 1-ml amount of each sample was placed in each of three sterile petri plates, covered with dextrosetryptone-agar (Fisher Scientific, Fair Lawn, N.J.), and thoroughly mixed. The plates were incubated at 52 C for 48 hr so that a maximal number of species that grow at 50 C and above could be isolated but still be within 3 C from the recommended temperature.
Due to the thickening property of starch, certain modifications were necessary for handling the starch and flour products. A 10-g amount of starch was placed in a sterile 300-ml flask, 100 ml of sterile water was added, and the mixture was thoroughly stirred. A 20-ml amount of this prepared suspension was added to 100 ml of melted dextrose-tryptone-agar; the mixture was stirred as the starch began to flow and then was held for 30 min with occasional stirring in a simmering hot-water bath. At the end of this time, the mixture was poured into five petri plates and incubated at 52 C for 48 hr.
Identification of isolates. Randomly selected surface colonies of rough and smooth (same number of each) variants were transferred to nutrient agar slants for taxonomic studies. Each slant was coded with a number according to the food product from which it was isolated, and the letter "R" or "S" according to whether it was a rough variant or a smooth variant judged by colonial characteristics.
The tests and descriptions outlined for Bacillus species by Smith et al. (9) were followed in identifying the species of the isolates. All tests requiring incubation were carried out at 52 C with time intervals of 24 hr to 7 days. Distribution of variants. Because the number of spores was so low in some of the samples tested, and since one cannot determine the distribution of variant types adequately in samples containing only a few colonies, samples of starch and black pepper were selected for the study of the distribution of variants, since they gave the highest consistent spore load. These were prepared as previously stated, except that these plates were incubated at 55 C. The temperature of 55 C was selected in this case because it is the usual temperature used for thermophiles and, in this phase of the study, the emphasis was on the ratio of rough to smooth rather than on distribution of species. The plates were then viewed at a magnification of 45 times under a dissecting microscope, classified as rough or smooth, and the number of rough and smooth colonies was counted. The colonies were classified as rough and smooth according to colonial characteristics (4). The average per cent rough and smooth was determined and recorded.
Since each colony was classified as rough or smooth, enumeration data were collected in this phase of the study, and the data were pooled so that each colony became a separate determination. Enumeration data so collected may be analyzed by the chi-square method (10) , and were so analyzed in this study to determine whether the null hypothesis (the ratio of S-R variants in pepper was the same as the ratio of S-R variants in starch) would be rejected or accepted.
RESULTS AND DISCUSSION Distribution of species. Figure 1 shows the distribution of thermophilic aerobic sporeforming bacteria which were isolated from 18 food ingredients. Of the 76 randomly selected colonies for the taxonomic studies, the largest number of strains was in the species B. coagulans. Not only were there more strains of B. coagulans, but B. coagulans was also found in 14 of the 18 samples tested. This is significant, since most of the food ingredients harbored B. coagulans which could establish itself in a food-processing plant if conditions were right and there was poor sanitation. According to Gordon and Smith (5) , strains of this organism can grow from 28 to 60 C, increasing their potential occurrence. Sixteen strains of B. coagulans were found in starch and sugar, and 9 strains were found in spices. The remaining seven strains were isolated from mustard, dried milk, split dried peas, dried yeast, and dried tomato soup. Standards for the number of spores allowed in sugar and starch have been set by the National Canners Association (6) . There are no standards for spices.
The number of samples of B. stearothermophilus was low, being only two strains. One strain was isolated from sugar and the other from turmeric. Two strains of B. pumilus were isolated from raw sugar and from oat flour. One strain of B. circulans was isolated from raw sugar, one from black pepper, and one from cinnamon. 14, 1966 
